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SPECIFICATION 



TITLE OF THE INVENTION 

Power-converter control apparatus 

TECHNICAL FIELD 

The present invention relates to a power-converter control 
apparatus driven by pulse width modulation (PWM) control and, 
particularly, a controlling device that suppresses an abnormally high 
voltage (hereinafter, "surge voltage") occurring at a cable-connection 
end of a load when a connection cable between the power converter 
and the load is long. 

BACKGROUND ART 
15 Fig. 1 is a drawing for explaining a connection cable between an 

inverter, which is a power converter driven by PWM control, and a 
motor. In Fig. 1, an inverter 1, which is a power converter, has 
connected thereto a motor 2 via a cable 3. In the inverter 1, a 
switching operation of semiconductor switching elements (for example, 
20 IGBT elements) is controlled through PWM control by a controlling unit 
not shown to generate three-phase voltages (uvw) varying stepwise 
from a direct-current power supply having a voltage Vdc, and these 
voltages are output to the motor 2 via the connection cable 3. 

Here, when this connection cable 3 between the inverter 1 and 
25 the motor 2 is long, a surge voltage exceeding twice a direct-current 



5 



10 




bus voltage Vdc may occur at cable-connection ends of the motor 2. 
That is, the connection cable 3 can be considered as a resonant circuit 
composed of a wiring inductance and a floating capacitance. When 
the connection cable 3 is long, the wiring inductance and the floating 

5 inductance are both increased, thereby reducing a resonant frequency 
of the resonant circuit. As a result, before resonance excited at the 
resonant circuit due to a stepwise change in voltage produced by the 
inverter 1 is attenuated, the next stepwise change in voltage is applied. 
Such repeated application increases resonance, thereby causing a 

10 surge voltage, which is a voltage higher than usual, at the coble 
connection ends of the motor 1. 

With reference to Figs. 2 and 3, details of the surge voltage 
occurring at the cable connection ends of the motor 2 are described. 
Figs. 2 and 3 are drawings that depict line-to-line voltage waveforms at 

15 both ends of the connection cable 3 shown in Fig. 1. 

Fig. 2 (1) depicts a case where an inverter-end line-to-line 
voltage Vuv_inv is varied stepwise as Vdc->0-*Vdc. At this time, when 
a pulse width in voltage change coincides with half of a resonant cycle, 
as shown in Fig. 2 (2), a motor-end line-to-line voltage Vuv_motor 

20 becomes three times as high as the direct-current bus voltage Vdc at 
maximum. 

Also, Fig. 3 (1) depicts a case where the inverter-end 
line-to-line voltage Vuvjnv is varied stepwise as 0->Vdc->-Vdc-+0. At 
this time, as shown in Fig. 3 (2), the motor-end line-to-line voltage 
25 Vuv motor becomes four times as high as the direct-current bus 
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voltage Vdc at maximum. 

From the description with reference to Figs. 2 and 3, it is known 
that if the pulse width in voltage change is sufficiently large, after 
resonance occurring due to a stepwise voltage change is attenuated, 
5 the next stepwise voltage change is applied, and therefore a surge 
voltage exceeding twice the direct-current bus voltage Vdc does not 
occur. 

To solve this surge-voltage problem, for example, first and 
second patent documents disclose a technology of monitoring a firing 

10 pulse width of each of IGBT elements, which serves as a line-to-line 
voltage pulse width of the inverter and limiting a maximum value of the 
firing pulse width to be equal to or smaller than a predetermined value 
and a minimum value of the firing pulse width to be equal to or larger 
than a predetermined value. The first patent document: US Patent No. 

15 5671130; and the second patent document: US Patent No. 5990658. 

Also, for example, third and fourth patent documents disclose a 
technology of monitoring each phase-voltage instruction value input to 
the PWM controller and limiting a maximum value of each 
phase-voltage instruction value to be equal to or smaller than a 

20 predetermined value and a minimum value of each phase voltage to be 
equal to or larger than a predetermined value. The third patent 
document: US Patent No. 5912813; and the fourth patent document: 
US Patent No. 6014497. 



25 varies for each phase. Therefore, the firing pulse width or the voltage 
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r, the firing pulse width or the voltage instruction value 




instruction value is required to be limited individually for each phase. 

That is, to suppress a surge voltage exceeding twice the direct-current 

bus voltage Vdc by applying the technologies disclosed in the patent 

documents, if the firing pulse width of each IGBT element or the 
5 maximum and minimum values of each phase-voltage instruction value 

are limited, a plurality of controlling units that control the maximum and 

minimum values of each phase are required. 

Also, one problem of this configuration is that, when the firing 

pulse width or the voltage instruction value of one phase is limited, an 
10 influence on other phases cannot be considered. Moreover, in relation 

to this problem, there is another problem in which all phases cannot be 

collectively handled for optimal limitation. 

The present invention is devised in view of the above, and an 

object of the present invention is to provide a power-converter control 
15 apparatus, the device being capable of collectively handling all phases 

and optimally suppressing a surge voltage exceeding twice a 

direct-current bus voltage. 



DISCLOSURE OF THE INVENTION 

20 An apparatus according to one aspect of the present invention, 

which is for controlling a power converter in which an output voltage is 
controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 
instruction value for the power converter, a voltage vector output from 

25 the power converter in one control cycle of the pulse-width-modulation 




control and a time to output the voltage vector; a voltage-vector 
adjusting unit that adjusts the time to output the voltage vector in such 
a manner that a time to output a zero-voltage vector is ensured at least 
for a constant time; and a firing-pulse generating unit that generates a 
5 signal for turning on and off a semiconductor switching element 

included in the power converter based on the time to output the voltage 
vector adjusted by the voltage-vector adjusting unit. 

According to this aspect of the present invention, the 
zero-voltage-vector output time is ensured to be always equal to or 

10 larger than a predetermined value. Therefore, a resonant 

phenomenon associated with switching of the semiconductor elements 
can be attenuated while the zero-voltage vectors are being output, 
thereby effectively suppressing a surge voltage exceeding twice the 
direct-current bus voltage. 

15 An apparatus according to another aspect of the present 

invention, which is for controlling a power converter in which an output 
voltage is controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 
instruction value for the power converter, a voltage vector output from 

20 the power converter in one control cycle of the pulse-width-modulation 
control and a time to output the voltage vector; a voltage-vector 
adjusting unit that adjusts the time to output the voltage vector in such 
a manner that when a time to output a zero-voltage vector is longer 
than a predetermined time, the time to output the zero-voltage vector is 

25 ensured at least for a constant time, and when the time to output the 



zero-voltage vector is shorter than the predetermined time, the time to 
output the zero-voltage vector is set to zero; and a firing-pulse 
generating unit that generates a signal for turning on and off a 
semiconductor switching element included in the power converter 
5 based on the time to output the voltage vector adjusted by the 
voltage-vector adjusting unit. 

According to this aspect of the present invention, either one of 
providing a zero-voltage-vector output time equal to or larger than a 
predetermined value and making the zero-voltage-vector output time 
10 zero is selected based on the concept of rounding-off. With this, a 
surge voltage exceeding twice the direct-current bus voltage can be 
suppressed. 

An apparatus according to still another aspect of the present 
invention, which is for controlling a power converter in which an output 

15 voltage is controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 
instruction value for the power converter, a voltage vector output from 
the power converter in more than one control cycle of the 
pulse-width-modulation control and a time to output the voltage vector; 

20 a voltage-vector adjusting unit that adjusts the time to output the 
voltage vector in more than one control cycle of the 
pulse-width-modulation control in such a manner that, when a total of a 
time to output a zero-voltage vector in more than one control cycle is 
shorter than a predetermined time, the time the output the zero-voltage 

25 vector between two adjacent cycles is set to zero and an amount of the 




time to output the zero-voltage vector between the two adjacent cycles 
is distributed to the time to output the zero-voltage vector in control 
cycles next to the two adjacent cycles; and a firing-pulse generating 
unit that generates a signal for turning on and off a semiconductor 
5 switching element included in the power converter based on the time to 
output the voltage vector adjusted by the voltage-vector adjusting unit. 

According to this aspect of the present invention, when a 
plurality of control cycles equal to or more than two control cycles of 
the pulse-width-modulation control are taken as a unit, a zero-voltage 

10 vector located between two adjacent cycles is eliminated, thereby 
doubling the remaining output times of the zero-voltage vectors. 
Consequently, for one control cycle, the total of the output times of the 
voltage vectors other than the zero-voltage vectors does not have to be 
changed until the total of the output times of the zero-voltage vectors 

15 becomes less than a predetermined value, thereby reducing error. 

According to this method, a zero-voltage-vector output time equal to or 
larger than the predetermined value is provided, or the 
zero-voltage-vector output time is made zero. Therefore, as with the 
aspect of the present invention mentioned above, a surge voltage 

20 exceeding twice the direct-current bus voltage can be suppressed. 

An apparatus according to still another aspect of the present 
invention, which is for controlling a power converter in which an output 
voltage is controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 

25 instruction value for the power converter, a voltage vector output from 




the power converter in more than one control cycle of the 
pulse-width-modulation control and a time to output the voltage vector; 
a voltage-vector adjusting unit that adjusts the time to output the 
voltage vector in more than one control cycle of the 
5 pulse-width-modulation control in such a manner that, when a total of a 
time to output a zero-voltage vector in more than one control cycle is 
shorter than a predetermined time, times to output same voltage 
vectors in more than one control cycle are added; and a firing-pulse 
generating unit that generates a signal for turning on and off a 

10 semiconductor switching element included in the power converter 
based on the time to output the voltage vector adjusted by the 
voltage-vector adjusting unit. 

According to this aspect of the present invention, when a 
plurality of control cycles equal to or more than two control cycles of 

15 the pulse-width-modulation control are taken as a unit, output times of 
same voltage vectors in the control cycles equal to or more than two 
control cycles are collected as one, thereby doubling the output times 
of the voltage vectors including the zero-voltage vectors. 
Consequently, for one control cycle, the total of the output times of the 

20 voltage vectors other than the zero-voltage vectors does not have to be 
changed until the total of the output times of the zero-voltage vectors 
becomes less than a predetermined value, thereby reducing error. 
According to this method, the zero-voltage-vector output time is 
ensured to be always equal to or larger than a predetermined value. 

25 Therefore, as with the aspects of the present invention mentioned 




above, a surge voltage exceeding twice the direct-current bus voltage 
can be suppressed. 

An apparatus according to still another aspect of the present 
invention, which is for controlling a power converter in which an output 
5 voltage is controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 
instruction value for the power converter, a voltage vector output from 
the power converter in one control cycle of the pulse-width-modulation 
control and a time to output the voltage vector; a voltage-vector 

10 adjusting unit that adjusts the time to output the voltage vector in such 
a manner that, when a time to output a zero-voltage vector is shorter 
than a predetermined value, upon receiving a voltage vector used for 
an adjustment in a previous control cycle, depending on whether a 
vector lastly output in the previous cycle is a zero-voltage vector, one of 

15 times to output a zero-voltage vector at a current cycle is set to zero 
and an amount of the one of the times is distributed to other of the 
times; a delay unit that delays the voltage vector output from the 
voltage-vector adjusting unit by the one control cycle, and outputs the 
voltage vector to the voltage-vector adjusting unit; and a firing-pulse 

20 generating unit that generates a signal for turning on and off a 

semiconductor switching element included in the power converter 
based on the time to output the voltage vector adjusted by the 
voltage-vector adjusting unit. 

According to this aspect of the present invention, the voltage 

25 vectors are adjusted so that the zero-voltage vectors located at the first 




and last of the pulse-width control cycle are combined as one, thereby 
doubling the output times of the zero-voltage vectors. Consequently, 
the total of the output times of the voltage vectors other than the 
zero-voltage vectors does not have to be changed until the total of the 
5 output times of the zero-voltage vectors becomes less than a 

predetermined value, thereby reducing error. According to this method, 
a zero-voltage-vector output time equal to or larger than the 
predetermined value is provided, or the zero-voltage-vector output time 
is made zero. Therefore, as with the aspects of the present invention 

10 mentioned above, a surge voltage exceeding twice the direct-current 
bus voltage can be suppressed. 

An apparatus according to still another aspect of the present 
invention, which is for controlling a power converter in which an output 
voltage is controlled by a pulse-width-modulation control, includes a 

15 voltage-vector control unit that determines, based on a voltage 

instruction value for the power converter, a voltage vector output from 
the power converter in one control cycle of the pulse-width-modulation 
control and a time to output the voltage vector; a voltage-vector 
adjusting unit that adjusts the time to output the voltage vector in such 

20 a manner that, upon receiving a voltage vector used for an adjustment 
in a previous control cycle and a time to output the voltage vector, 
when a total of a first time to output a zero-voltage vector lastly 
adjusted in the previous cycle and a second time to output a 
zero-voltage vector firstly in a current cycle is shorter than a 

25 predetermined time, the second time is adjusted to be a time obtained 




by subtracting the first time from the predetermined time; a delay unit 
that delays the voltage vector output from the voltage-vector adjusting 
unit by the one control cycle, and outputs the voltage vector to the 
voltage-vector adjusting unit; and a firing-pulse generating unit that 
5 generates a signal for turning on and off a semiconductor switching 
element included in the power converter based on the time to output 
the voltage vector adjusted by the voltage-vector adjusting unit. 

According to this aspect of the present invention, with the use of 
the adjusted output time of the zero-voltage vector last output in the 

10 previous pulse-width-modulation control cycle, an output time of a 
zero-voltage vector to be output in the current cycle is determined. 
Therefore, the output time of the zero-voltage vector can be ensured to 
be equal to or larger than a predetermined value even when the 
zero-voltage vector extends over the pulse-width-modulation control 

15 cycles. Therefore, as with the aspects of the present invention 

mentioned above, a surge voltage exceeding twice the direct-current 
bus voltage can be suppressed. 

An apparatus according to still another aspect of the present 
invention, which is for controlling a power converter in which an output 

20 voltage is controlled by a pulse-width-modulation control, includes a 
voltage-vector control unit that determines, based on a voltage 
instruction value for the power converter, a voltage vector output from 
the power converter in one control cycle of the pulse-width-modulation 
control and a time to output the voltage vector; a voltage-vector 

25 adjusting unit that adjusts the time to output the voltage vector, 




including a function of calculating an error accompanied by an 
adjustment of the time to output the voltage vector, in such a manner 
that, regarding a time to output a voltage vector obtained by correcting 
the voltage vector in a current cycle with the error calculated in a 
5 previous cycle, when a time to output a zero-voltage vector is longer 
than a predetermined time, the time to output the zero-voltage vector is 
ensured at least for a constant time, and when the time to output the 
zero-voltage vector is shorter than the predetermined time, the time to 
output the zero-voltage vector is set to zero; a delay unit that delays 

10 the voltage vector output from the voltage-vector adjusting unit by the 
one control cycle, and outputs the voltage vector to the voltage-vector 
adjusting unit; and a firing-pulse generating unit that generates a signal 
for turning on and off a semiconductor switching element included in 
the power converter based on the time to output the voltage vector 

15 adjusted by the voltage-vector adjusting unit. 

According to this aspect of the present invention, as with the 
aspects of the present invention mentioned above, a surge voltage 
exceeding twice the direct-current bus voltage can be suppressed. 
Furthermore, with the use of the adjustment error in the previous 

20 pulse-width-modulation control cycle, the output times of the voltage 
vectors to be output in the current cycle are corrected, thereby 
eliminating influences of the previous adjustment. Therefore, the end 
point of the present locus of the magnetic flux vector can agree with a 
desired point, and fluctuations in the locus of the magnetic flux vector 

25 associated with suppression of a surge voltage can be minimized. 




According to the one aspect of the present invention, the 
voltage-vector adjusting unit adjusts the time to output the voltage 
vector in such a manner that the time to output the zero-voltage vector 
is ensured at least for the constant time without changing a relative 
5 ratio of output times of voltage vectors other than the zero-voltage 
vector. 

According to this aspect of the present invention, with the 
contrivance in the adjustment of the voltage vectors, fluctuations in the 
locus of the magnetic flux vector associated with suppression of a 

10 surge voltage can be minimized. 

According to the another aspect of the present invention, the 
voltage-vector adjusting unit adjusts the time to output the voltage 
vector in such a manner that, when the time to output the zero-voltage 
vector is set to zero, times to output voltage vectors other than the 

15 zero-voltage vector are set to longer than the constant time or set to 
zero, too. 

According to this aspect of the present invention, when the 
output time of the zero-voltage vectors are adjusted to be zero, a surge 
voltage may occur depending on the output time of non-zero-voltage 
20 vectors other than the zero-voltage vectors. However, such a surge 
voltage can be restricted according to this aspect. Therefore, a surge 
voltage exceeding twice the direct-current bus voltage can be reliably 
suppressed. 

According to the another aspect of the present invention, upon 
25 setting the time to output the zero-voltage vector set to zero, when the 




voltage vector lastly output in the previous cycle is different from the 
voltage vector firstly output in the current cycle, the voltage-vector 
adjusting unit changes the voltage vector firstly output in the current 
cycle to the voltage vector lastly output in the previous cycle. 
5 According to this aspect of the present invention, when the 

output time of the zero-voltage vectors are adjusted to be zero, a surge 
voltage may occur depending on the output time of non-zero-voltage 
vectors other than the zero-voltage vectors. However, such a surge 
voltage can be restricted according to this aspect. Therefore, a surge 
10 voltage exceeding twice the direct-current bus voltage can be reliably 
suppressed. 

Furthermore, according to each aspect of the present invention, 
the adjustment of the voltage-vector output times is performed on the 
output times of the voltage vectors, which are parameters that are 
15 generated based on three-phase voltage instructions and are common 
to three phases. Therefore, with one adjustment, an effect of 
suppressing a surge voltage can be obtained over all phases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a drawing for explaining a connection cable between an 

inverter, which is a power converter driven by PWM control, and a 
motor; Fig. 2 is a (first) drawing that depicts line-to-line voltage 
waveforms between both ends of the connection cable shown in Fig. 1; 
Fig. 3 is a (second) drawing that depicts line-to-line voltage waveforms 

25 between both the ends of the connection cable shown in Fig. 1 ; Fig. 4 




is a block diagram depicting the structure of a power-converter control 
apparatus according to a first embodiment of the present invention; Fig. 
5 is a circuit diagram depicting a basic structure of a three-phase 
voltage inverter for use in the embodiment as the power converter 
5 driven by PWM control; Fig. 6 is a drawing for explaining a relation 
between turned-on IGBT elements and voltage vectors in eight control 
states of the inverter shown in Fig. 5; Fig. 7 is a drawing for explaining 
voltage vectors; Fig. 8 is a drawing for explaining a relation between 
phases and voltage vectors; Fig. 9 is a flowchart for explaining the 

10 operation of a voltage-vector adjusting unit shown in Fig. 4; Fig. 10 is a 
diagram for explaining loci of magnetic flux vectors when the voltage 
vectors are adjusted; Fig. 11 is a time chart for explaining the operation 
of a firing-pulse generating unit shown in Fig. 4; Fig. 12 is a drawing for 
explaining a relation between the progression of the voltage vectors 

15 and line-to-line voltages; Fig. 13 is a drawing that depicts line-to-line 
voltage patterns extracted in view of a pulse polarity, an output time of 
zero-voltage vectors, and an output time of voltage vectors other than 
the zero-voltage vectors; Fig. 14 is a drawing for explaining surge 
voltages occurring due to the line-to-line voltages shown in Fig. 13; Fig. 

20 15 is a flowchart for explaining the operation of a voltage-vector 

adjusting unit included in a controlling device for the power controller 
according to a second embodiment of the present invention; Fig. 16 is a 
block diagram depicting the structure of a power-converter control 
apparatus according to a third embodiment of the present invention; Fig. 

25 17 is a flowchart showing a voltage-vector adjusting unit shown in Fig. 
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16; Fig. 18 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
apparatus according to a fourth embodiment of the present invention; 
Fig. 19 is a block diagram showing a power-converter control apparatus 
according to a fifth embodiment of the present invention; Fig. 20 is a 
flowchart for explaining the operation of a voltage-vector adjusting unit 
shown in FIG. 19; Fig. 21 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
apparatus according to a sixth embodiment of the present invention; 
Fig. 22 is a block diagram depicting the structure of a power-converter 
control apparatus according to a seventh embodiment of the present 
invention; Fig. 23 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit shown in Fig. 22; Fig. 24 is a drawing for 
explaining an error-calculating operation to be performed by the 
voltage-vector adjusting unit shown in Fig. 22; Fig. 25 is a flowchart for 
explaining the operation of a voltage-vector adjusting unit included in a 
power-converter control apparatus according to an eighth embodiment 
of the present invention; and Fig. 26 is a flowchart for explaining the 
operation of a voltage-vector adjusting unit included in a 
power-converter control apparatus according to a ninth embodiment of 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Exemplary embodiments of a power-converter control apparatus 
according to the present invention are described below in detail with 




reference to the accompanying drawings. 
First Embodiment 

Fig. 4 is a block diagram depicting the structure of a 
power-converter control apparatus according to a first embodiment of 
5 the present invention. A controlling device shown in Fig. 4 includes a 
voltage-vector control unit 11, a voltage-vector adjusting unit 12, and a 
firing-pulse generating unit 13. 

The voltage-vector control unit 11 selects, from out of voltage 
instruction values Vu, Vv, and Vw of the respective phases of a power 
10 converter, voltage vectors to be output from the power converter within 
one control cycle of PWM control (in an example shown in the drawing, 
V0, V1, V2, and V7), and calculates their output times (tO, t1, t2, t7). 

The voltage-vector adjusting unit 12 outputs the voltage vectors 
input from the voltage-vector control unit 11 (in the example show in the 
15 drawing, VO, V1, V2, V7) as they are, and also adjusts the output times 
(tO, t1 , t2, t7) of these voltage vectors so that a zero-voltage-vector 
output time is equal to or larger than a predetermined value for output 
(t0\ t1\ t2\ t7'). 

The firing-pulse generating unit 13 generates, based on the 
20 voltage vectors input from the voltage-vector adjusting unit 12 and the 
voltage-vector output times adjusted at the voltage-vector adjusting unit 
12, on-off signals "PQ1 , PQ2, PQ3, PQ4, PQ5, PQ6, and PQ7" for 
semiconductor switching elements that form the power converter. 

A specific operation of each block is described below. First, 
25 with reference to Figs. 5 to 8, the operation of the voltage-vector 




control unit 11 is described. Here, Fig. 5 is a circuit diagram showing a 
basic structure of a three-phase voltage inverter for use in the 
embodiment as a power converter driven by PWM control. Fig. 6 is a 
drawing for explaining a relation between tumed-on IGBT elements and 
5 voltage vectors in eight control states of the inverter shown in Fig. 5. 
Fig. 7 is a drawing for explaining voltage vectors. Fig. 8 is a drawing 
for explaining a relation between phases and voltage vectors. 

As shown in Fig. 5, the three-phase voltage inverter has a 
structure in which three sets of semiconductor switching elements, (Q1, 

10 Q4), (Q3, Q6) (Q5, Q2), that are connected to each other in series are 
connected in. parallel to a direct-current power supply 15. Each 
semiconductor switching element has incorporated therein or has 
mounted thereon a flywheel diode. Each semiconductor switching 
element may be, for example, an IGBT element, and is hereinafter 

15 referred to as an IGBT element. In the example shown in the drawing, 
the IGBT elements (Q1, Q4) are in u phase, the IGBT elements (Q3, 
Q6) are in v phase, and the IGBT elements (Q5, Q2) are in w phase. 
From the respective connection ends, three-phase voltages uvw are 
extracted. 

20 Here, as for an on-off control state of the IGBT elements, each 

phase has two states, in which upper-arm IGBT elements (Q1 : , Q3, Q5) 
connected to the positive pole of the direct-current power supply 15 are 
turned on or lower-arm IGBT elements (Q4, Q6, Q2) connected to the 
negative pole thereof are turned on. For three phases, 2x2x2=8 states 

25 are present. 




Fig. 6 is a drawing for explaining a relation among these eight 
states, turned-on IGBT elements, and voltage vectors output from the 
three-phase inverter. In Fig. 6, the voltage vector VO is a vector when 
IGBT elements (Q4, Q6, and Q2) are turned on. The voltage vector V1 
5 is a vector when IGBT elements (Q1 , Q6, and Q2) are turned on. The 
voltage vector V2 is a vector when IGBT elements (Q1, Q3, and Q2) 
are turned on. The voltage vector V3 is a vector when IGBT elements 
(Q4, Q3, and Q2) are turned on. The voltage vector V4 is a vector 
when IGBT elements (Q4, Q3, and Q5) are turned on. The voltage 

10 vector V5 is a vector when IGBT elements (Q4, Q6, and Q5) are turned 
on. The voltage vector V6 is a vector when IGBT elements (Q1, Q6, 
and Q5) are turned on. The voltage vector V7 is a vector when IGBT 
elements (Q1, Q3, and Q5) are turned on. 

A relation between each phase and each of the voltage vectors 

15 VO to V7 is as shown in Fig. 7. In Fig. 7, the voltage vectors V1 to V6 
have a phase difference from one another by tt/3 radian, and their 
magnitude is equal to the voltage Vdc of the direct-current power 
supply 15. The voltage vectors VO and V7 are vectors each having a 
magnitude of 0, and are referred to as zero-voltage vectors. The 

20 phase of the voltage vector V1 coincides with the u phase, the phase of 
the voltage vector V3 coincides with the v phase, and the phase of the 
voltage vector V5 coincides with the w phase. 

In the three-phase voltage inverter, by varying the type of 
combination of the voltage vectors VO to V7 output during the PWM 

25 control cycle T and their output times, voltages each having and 
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arbitrary magnitude and phase can be output on the average. The 
voltage-vector control unit 11 selects a type of combination of the 
voltage vectors V0 to V7 and determines the output times. 

It is assumed that the voltage instructions Vu, Vv t and Vw for 
each phase are given by equations (1). 

Vu = a — ;=--sin6 



The phase 0 in equations (1) is increased with time, but can be 
considered as being constant during the PWM control cycle T, which is 
a short cycle. 

Selection of the type of combination of the voltage vectors V0 to 
V7 is performed as shown in Fig. 8 according to the phase 0 in the 
current PWM control cycle T. As shown in Fig. 8, the phase 0 has six 
ranges, that is, O<0<tt/3, k/3<0<2tt/3, 27r/3<0<7i, tc<0<4tt/3, 47t/3<e<57t/3, 
and 5ti/3<0<2h. The number of voltage vectors to be selected is four 
out of eight, but the combination of them varies for each range of the 
phase 0. However, the zero-voltage vectors tO and t7 are always 
included in any combination. 

In Fig. 8, when the phase 0 in the current PWM control cycle T 
is within a range of O<0<7i/3, for example, the combination of voltage 
vectors to be selected is V1, V2, V0, and V7. Times t1, t2, tO, and t7 
for outputting these selected voltage vectors V1, V2 f V0, and V7 are 



V3 
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respectively given by equations (2). 



t t - a-T-sin —-9 



1 2 = a • T • sin 0 



t 0 =— I 1-a-T-sin 
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That is, the output state of the voltage-vector control unit 11 shown in 
5 Fig. 4 represents an output state in which the phase 9 in the PWM 
control cycle T is within a range of 0<9<7t/3, which is hereinafter used 
for description. In an area other than the area where the phase 0 in 
the PWM control cycle T is 0<9<7t/3, the time for outputting the selected 
voltage vector can be found in equations (2) by using, in place of 9, the 

10 remainder obtained by dividing 9 by rc/3. 

Next, with reference to Figs. 9 and 10, the operation of the 
voltage-vector adjusting unit 12 is described. Fig. 9 is a flowchart for 
explaining the operation of the voltage-vector adjusting unit shown in 
Fig. 4. Fig. 10 is a diagram for explaining loci of magnetic flux vectors 

15 when the voltage vectors are adjusted. 

In Fig. 9, if the phase 9 is within 0<9<k/3 as described above, 
the voltage-vector adjusting unit 12 reads the output times t1, t2, to, 
and t7 of the voltage vectors output from the voltage-vector control unit 
11 (step ST10), and then determines whether a total output time t0+t7 

20 of the zero-voltage vectors is longer than a minimum 




zero-voltage-vector output time Tz (step ST11). 

As a result, if the total output time t0+t7 of the zero-voltage 
vectors is longer than the minimum zero-voltage-vector output time Tz 
(step ST11: Yes), the read output times t1, t2, tO, and t7 are directly 
5 taken as t1\ t2\ t0\ and t7' (step ST12). 

On the other hand, if the total output time t0+t7 of the 
zero-voltage vectors is shorter than the minimum zero-voltage-vector 
output time Tz (step ST11: Yes), the output times of the voltage vectors 
are adjusted so that tO'+t7'=Tz. At this time, the adjusted output times 
10 t1\ t2\ t0\ and t7' are found by equations (3) to (6), and a relative ratio 
between the output times of the voltage vectors V1 and V2 is 
unchanged (step ST13). 

t1'-(T-Tz)*t1/(t1+t2) (3) 

t2'-(T-Tz)xt2/(t1+t2) (4) 
15 tO'-Tz/2 (5) 

t7'=Tz/2 (6) 

Then, the output times t0\ t1\ t2', and t7' of the voltage vectors 
V0, V1, V2, and V7 adjusted at either one of steps ST12 and ST13 are 
output to the firing-pulse generating unit 13 (step ST14). Here, the 
20 voltage vectors V0, V1, V2, and V7 selected by the voltage-vector 
control unit 11 are used as they are for output to the firing-pulse 
generating unit 13. 

As described above, when the voltage vectors are adjusted, a 
locus of a magnetic flux vector obtained through integration of the 
25 voltages can be drawn as shown in Fig. 10. In Fig. 10 (1), a locus A of 




a magnetic flux vector for one PWM control cycle before adjustment of 
the voltage vectors is depicted. In Fig. 10 (2), a locus A' of the 
magnetic flux vector after adjustment of the voltage vectors is depicted. 
As a result of ensuring the minimum zero-voltage-vector output time for 
5 the locus A of the previous magnetic flux vector, the locus A' is shorter 
than the previous one. Fig. 10 (3) is drawn by overlaying (1) and (2) of 
Fig. 10 each other. 

In Fig. 10 (1) and (2), magnetic flux vectors 00 and 07 are 
magnetic flux vectors corresponding to the zero-voltage vectors V0 and 

10 V7. Since the zero-voltage vectors V0 and V7 do not have a 

magnitude, the magnetic flux vectors 00 and 07 each stay at one point 
even with time. A magnetic flux vector 01 is a magnetic flux vector 
corresponding to the voltage vector V1 . The magnitude of the 
magnetic flux vector 01 is the product of the magnitude of the voltage 

15 vector V1 and its output time. A magnetic flux vector 02 is a magnetic 
flux vector corresponding to the voltage vector V2. The magnitude of 
the magnetic flux vector 02 is the product of the magnitude of the 
voltage vector V2 and its output time. As with the voltage vectors V1 
and V2, the magnetic flux vectors <D1 and 02 have a phase difference 

20 of tc/3 radian. 

When the voltage vectors are output in the order of 
V0->V1-->V2--A/7, the locus A and A' of the magnetic flux vectors are in 
the order of 00— >01 — >02^07. When the load is an induction motor, 
the magnetic flux vectors are equivalent to stator magnetic fluxes. 

25 Therefore, the type of the voltage vectors and their output times are 




selected so that the locus A of the magnetic flux before the 
voltage-vector adjusting unit 12 adjusts the voltage vectors smoothly 
goes along an arc. Even after the voltage vectors are adjusted by the 
voltage-vector adjusting unit 12, it is required that the locus A' of the 
5 magnetic flux smoothly goes along the arc. 

That is, when the output times of the zero-voltage vectors VO 
and V7 are increased so that the relative ratio between the output times 
of the voltage vectors V1 and V2 is unchanged, the locus A of the 
magnetic flux before adjustment (Fig. 10 (1)) is changed to the locus A 

10 after adjustment (Fig. 10 (2)). However, as shown in Fig. 5 (3), a 
triangle formed by connecting a start point and an end point of the 
locus A together in the PWM control cycle T is similar to a triangle 
formed by connecting a start point and an end point of the locus A 
together. Therefore, in a state where the cycle T is sufficiently short 

15 and the arc can be taken as a straight line, the end point of the locus A 
is present on the arc, as is the case of the locus A. Therefore, if the 
voltage vectors are adjusted with the relative ratio between the output 
times of the voltage vectors V1 and V2 being unchanged, the locus A' 
of the magnetic flux after adjustment can also be made to smoothly go 

20 along the arc. 

Next; with reference to Figs. 6 and 11, the operation of the 
firing-pulse generating unit 13 is described. Fig. 11 is a time chart for 
explaining the operation of the firing-pulse generating unit shown in Fig. 
4. The firing-pulse generating unit 13 generates on-off signals PQ1 to 

25 PQ6 of the respective IGBT elements from the voltage vectors V1, V2, 
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VO, and V7, which are output from the voltage-vector adjusting unit 12, 
and the adjusted output times tt\ t2\ t0\ and t7' of the voltage vectors. 
That is, the relation between the voltage vectors and the IGBT 
elements is shown in Fig. 6. As shown in Fig. 11, with the output times 
5 tr, t2\ t0\ and t7' of the voltage vectors V1, V2, VO, and V7 being set 
by a time or the like, the on-off signals PQ1 to PQ6 for the IGBT 
elements Q1 to Q6 can be generated. 

Next, with reference to Figs. 12 and 13, description is made to 
an effect of suppressing a surge voltage by keeping the output time of 

10 the zero-voltage vector at a time equal to or larger than the minimum 
zero-voltage-vector output time Tz. Fig. 12 is a drawing for explaining 
a relation between the progression of the voltage vectors and 
line-to-line voltages. Fig. 13 is a drawing that depicts line-to-line 
voltage patterns extracted in view of a pulse polarity, an output time of 

15 the zero-voltage vectors, and output times of voltage vectors other than 
the zero-voltage vectors. 

Here, consider the progression of the voltage vectors in two 
PWM control cycles T. In consideration of only the range of the phase 
9 of 0<9<7i/3 due to symmetry of the vectors, the progression of the 

20 voltage vectors is typified by the following two types shown in (1) and 
(2) below. 

(1) V0->V1 ->V2-+V7-»V2->V1 ->V0 

(2) V7^V2-+V1 -*V0->V1 -A/2->V7 

When the phase 9 goes from the range of 0<6<ti/3 to a range of 
25 7r/3<6<27r/3, the progression of the voltage vectors occurs as typified by 




the following two types, which are different from (1) and (2) above. 

(3) V0-*V1^V2-^V7-A/2->V3—V0 

(4) V7-A/2-+V1 ->V0-*V3-A/2-A/7 

Fig. 12 is a diagram depicting the four types of progression of 
5 the voltage vectors shown in (1) to (4) above with line-to-line voltage 
waveforms. It is understood from Fig. 12 that a pulse of a line-to-line 
voltage may be changed around the zero-voltage vector in the same 
polarity or may be changed around the zero-voltage vector in different 
polarities. Fig. 13 is a drawing that depicts line-to-line voltage patterns 

10 extracted from this Fig. 12 in view of a pulse polarity, an output time of 
the zero-voltage vectors, and output times of voltage vectors other than 
the zero-voltage vectors. In Fig. 13, for combinations of long and short 
output times of the zero-voltage vectors and long and short output 
times of the voltage vectors other than the zero-voltage vectors, a 

15 line-to-line voltage pattern 1 in which the voltage is changed around the 
zero-voltage vector in the same polarity and a line-to-line voltage 
pattern 2 in which the voltage is changed around the zero-voltage 
vector in different polarities. All line-to-line voltage changes shown in 
Fig. 12 are classified into eight types shown in Fig. 13. 

20 Fig. 14 depicts the magnitude of each surge voltage occurring in 

the changes in line-to-line voltage shown in Fig. 13. As evident from 
Fig. 14, as for (1-3), (1-4), (2-3), and (2-4) where the 
zero-voltage-vector output time is long, no surge voltage exceeding 
twice the direct-current bus voltage Vdc occurs. On the other hand, as 

25 for (1-1), (1-2), (2-1), and (2-2) where the zero-voltage-vector output 
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time is short, a surge voltage exceeding twice the direct-current bus 
voltage Vdc occurs. It is therefore understood that appropriate 
selection of the output time of the zero-voltage vectors can suppress 
the occurrence of a surge voltage exceeding twice the direct-current 

5 bus voltage Vdc. 

As described above, in the first embodiment, when a total of two 
output times of the zero-voltage vectors is shorter than the minimum 
zero-voltage-vector output time, four voltage-vector output times are 
adjusted so that the total of two output times of the zero-voltage vectors 
10 is equal to the minimum zero-voltage-vector output time. 

Therefore, according to the first embodiment, a 
zero-voltage-vector output time always equal to or larger than a 
predetermined value can be achieved. Therefore, a resonant 
phenomenon associated with switching of the IGBT elements can be 
15 attenuated while the zero-voltage vectors are being output, thereby 
effectively suppressing a surge voltage exceeding twice the 
direct-current bus voltage Vdc. 

Also, the adjustment of the voltage-vector output times is 
performed on the output times of the voltage vectors that are 
20 parameters generated based on three-phase voltage instructions and 
are common to three phases. Therefore, with one adjustment, an 
effect of suppressing a surge voltage can be obtained over all phases. 
Also, with the contrivance in the adjustment of the voltage vectors, 
fluctuations in the locus of the magnetic flux vector associated with 
25 suppression of a surge voltage can be minimized. 
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Second Embodiment 

Fig. 15 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a controlling device for the 
power controller according to a second embodiment of the present 
5 invention. In the power-converter control apparatus according to the 
second embodiment, in the structure shown in the first embodiment (Fig. 
4), some functions are added to the voltage-vector adjusting unit 12. 
That is, the voltage-vector adjusting unit 12 adjusts the output times of 
the voltage vectors output from the voltage-vector control unit 11 
10 according to a procedure shown in Fig. 15, where an adjusting 
operation is performed for both of a case of ensuring the 
zero-voltage-vector output time to be equal to or larger than a 
predetermined value and a case of making the zero-voltage-vector 
output time zero. With reference to Fig. 15, the operation of the 
15 voltage-vector adjusting unit 12 according to the second embodiment is 
described below. In Fig. 15, procedures identical to those shown in 
Fig. 9 are provided with the same reference numerals. Here, 
description is made mainly to portions specific to the second 
embodiment. 

20 in Fig. 1 5, when the total zero-voltage-vector output time t0+t7 

is shorter than the minimum zero-voltage-vector output time Tz (step 
ST1 1 : No), it is further determined according to the second embodiment 
whether the total zero-voltage-vector output time t0+t7 is longer than 
1/2 of the minimum zero-voltage-vector output time Tz (step ST20). 

25 Then, when the total zero-voltage-vector output time t0 + t7 is 
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longer than 1/2 of the minimum zero-voltage-vector output time Tz (step 
ST20: Yes), as with the first embodiment, the process of step ST13 is 
performed. However, when the total zero-voltage-vector output time 
W+t7 is shorter than 1/2 of the minimum zero-voltage-vector output 
5 time Tz (step ST20: No), the output times of the voltage vectors are 
adjusted so that t0-t7-0 (step ST21). Also at this time, according to 
equation 3, the adjustment is made so that the relative ratio between 
the output times of the voltage vectors V1 and V2 is unchanged. 

As a result, at step ST14, the output times t0\ t1\ t2\ and 17' of 
10 the voltage vectors V0, V1, V2, and V7 adjusted at any one of the steps 
ST12, ST13, and ST21 are output to the firing-pulse generating unit 13. 
Here, as with the first embodiment, the voltage vectors V0, V1 , V2, and 
V7 selected by the voltage-vector control unit 11 are used as they are 
for output to the firing-pulse generating unit 13. 
15 As described above, according to the second embodiment, 

when the total zero-voltage-vector output time t0 + t7 is shorter than the 
minimum zero-voltage-vector output time Tz, the total 
zero-voltage-vector output time is set to the minimum 
zero-voltage-vector output time Tz or is set to zero with tO+t7=Tz/2 
20 being taken as a boundary. Therefore, according to the second 
embodiment, the concept of rounding-off can be applied, thereby 
reducing an average error of the zero-voltage-vector output time even 
with the adjustment of the voltage vectors. 

Next, with reference to Figs. 13 and 14, an effect of suppressing 
25 a surge voltage by making the output time of the zero-voltage vectors 




zero is described. As for (1-1) and (1-2) in Figs. 13 and 14, outputting 
a short zero-voltage vector itself is a cause of a surge voltage 
exceeding twice the direct-current bus voltage Vdc. In (1-1) and (1-2) 
of Fig. 14, if no zero-voltage vector is present, one short pulse and one 
5 long pulse are present, which is equivalent to a waveform in a half 
cycle of (1-3) and (1-4). 

Therefore, although applicable cases are limited, with the output 
time of the zero-voltage vectors being made zero, the occurrence of a 
surge voltage exceeding twice the direct-current bus voltage Vdc can 

10 be suppressed. 

As described above, according to the second embodiment, 
whether to provide a zero-voltage-vector output time equal to or larger 
than a predetermined value or to make the zero-voltage-vector output 
time zero can be selected based on the concept of rounding-off, 

15 thereby suppressing a surge voltage exceeding twice the direct-current 
bus voltage Vdc. Also, the adjustment of the voltage-vector output 
times is performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 

20 adjustment, an effect of suppressing a surge voltage can be obtained 
over all phases. Furthermore, with the contrivance in the adjustment 
of the voltage vectors, fluctuation in the locus of the magnetic flux 
vector associated with suppression of a surge voltage can be 
minimized. 

25 Also, in the above description, the boundary for determining 
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whether the total zero-voltage-vector output time W+t7 is set as the 
minimum zero-voltage-vector output time Tz or 0 is Tz/2. However, it 
goes without saying that the boundary is not restricted to Tz/2 and can 
be arbitrarily set in a range of 0 to Tz. Also, from the description of the 
second embodiment, it can be said that the first embodiment represents 
an example in which, with zero being taken as the boundary, the total 
zero-voltage-vector output time is rounded up to the minimum 
zero-voltage-vector output time Tz. By contrast, it is possible to round 
down the total zero-voltage-vector output time to zero with the minimum 
zero-voltage-vector output time Tz being taken as the boundary. 

Third Embodiment 

Fig. 16 is a block diagram depicting the structure of a 
power-converter control apparatus according to a third embodiment of 
the present invention. In the third embodiment, components are 
similar to those in the first embodiment, but an exemplary structure is 
depicted in which, for example, two PWM control cycles are taken as a 
unit for control. The concept of the control phase 0 is similar to that in 
the first embodiment. Here, consider the range of 0se<*/3. 

In Fig. 1 6, with the use of the method described in the first 
embodiment, a voltage-vector control unit 21 selects, from out of 
voltage instruction values Vu. ' Vv, and Vw of the respective phases of 
the power converter, voltage vectors to be output from the power 
converter within two control cycles of PWM control (in an example 
shown in the drawing, (V0_1 , V1_1 , V2_1 , V7_1)(V0_2, V1_2, V2_2, 
5 V7_2)), and calculates their output times (t0_1, t1_1, t2_1, t7_1)(t0_2, 



t1_2, t2_2, t7_2). 

A voltage-vector adjusting unit 22 outputs the voltage vectors 
input from the voltage-vector control unit 21 (in the example shown in 
the drawing, (V0_1, V1.1, V2_1, V7_1)(V0_2, V1_2, V2_2, V7_2)) as 
5 they are in a method described further beiow (Fig. 17). and also adjusts 
the output times (t0_1, t1_1 , t2_1 , t7_1 )(t0_2, t1_2, t2_2, 17.2) of those 
voltage vectors so that the zero-voltage-vector output time is equal to 
or larger than a predetermined value for output (t0_1\ t1_1\ t2_1\ 
t7 _1') (t0_2\ t1_2\ t2_2\ t7_2'). 
10 With the use of the method described in the first embodiment, a 

firing-pulse generating unit 23 generates, based on the voltage vectors 
input from the voltage-vector adjusting unit 22 and the voltage-vector 
output times adjusted at the voltage-vector adjusting unit 22. on-off 
signals "PQ1 , PQ2, PQ3, PQ4, PQ5; PQ6, and PQ7" for semiconductor 
5 switching elements that form the power converter. 

The voltage-vector control unit 21 and the firing-pulse 
generating unit 23 perform operations of the voltage-vector control unit 
11 and the firing-pulse generating unit 13 according to the first 
embodiment (Fig. 4) merely as being extended for two PWM control 
20 cycles, and therefore are not described in detail. Here, with reference 
to Fig. 17, the operation of the voltage-vector adjusting unit 22 is 
described. Fig. 17 is a flowchart showing the voltage-vector adjusting 

unit 22 shown in Fig. 16. 

in Fig. 17, when the control phase 9 is in the range of f 0<6<*/3, 
25 the voltage-vector adjusting unit 22 reads output times (t0_1 , t1_1 , I2_1 , 




t7_1 ) and (t0_2, t1_2 f t2_2, t7_2) of the voltage vectors output from the 
voltage-vector control unit 21 (step ST31), and then it is determined 
whether either one or both of the total zero-voltage-vector output times 
(t0_1+t7_1) and (t0_2+t7_2) in each cycle are longer than the minimum 
5 zero-voltage-vector output time Tz (step ST32). 

As a result, when both of the total zero-voltage-vector output 
times (t0_1+t7_1) and (t0_2+t7_2) in each cycle are longer than the 
minimum zero-voltage-vector output time Tz (step ST32: Yes), the read 
output times t1_1, t2_1, t0_1, t7_1, t1_2, t2_2, t0_2, and t7_2 are 

10 directly taken as adjusted output times t1_1\ t2_1 t0_1\ t7_1 t1_2\ 
t2_2' f t0_2\ and t7_2* (step ST33). 

On the other hand, when either or both of the total 
zero-voltage-vector output times (t0_1+t7_1) and (t0__2+t7_2) in each 
cycle are shorter than the minimum zero-voltage-vector output time Tz 

15 (step ST32: No), it is determined whether a total of the output times of 
the zero-voltage vectors over two cycles (t0_1 +t7__1 +t0_2+t7_2) is 
longer than the minimum zero-voltage-vector output time Tz (step . 
ST34). 

As a result, the total of the output times of the zero-voltage 
20 vectors over two cycles (t0_1 +t7_1 +t0_2+t7_2) is longer than the 

minimum zero-voltage-vector output time Tz (step ST34: Yes), at step 
ST35, the output time of the zero-voltage vectors between the two 
cycles is made zero (t7_1'-t7_2 , -0) l and the original amount of that 
output time is distributed to the output times of the zero-voltage vectors 
25 located at both ends of the two cycles 
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( t 0_1'=t0_2'=(t0_1+t7_1+t0_2+t7_2)/2). Here, output times of 
non-zero-voltage vectors other than the zero-voltage vectors are 
directly taken as adjusted output times of the non-zero-voltage vectors 
(t1_1'-t1_1, t2_V=t2_1, t1_2'=t1_2, t2_2'=t2_2). 

On the other hand, when the total of the output times of the 
zero-voltage vectors over two cycles (t0_1 + t7_1 + t0_2 + t7_2) is shorter 
than the minimum zero-voltage-vector output time Tz (step ST34: No), 
at step ST36, the output time of the zero-voltage vectors between the 
two cycles is made zero (t7_V-t7_2-0). and the output time of the 
voltage vectors are adjusted so that the output times tO_V and t0_2' of 
the zero-voltage vectors at both ends of the two cycles become half of 
the minimum zero-voltage vector output time Tz (tO_r=tO_2'=Tz/2). 

At this time, according to equation 3, the adjustment is made so 
that the relative ratio of the output times of the voltage vectors V1_1, 
V2_1, V1_2, and V2_2 is unchanged. That is, the adjustment is made 
such that t1_V=(T-Tz/2){t1_1/(t1_1+t2_1)}, 

t 2_r=(T-Tz/2){t2_1/(t1_1 + t2_1)}, t1_2'=(T-Tz/2){t1_2/(t1_2 + t2_2)}, and 
t2_2'=(T-Tz/2){t2_2/(t1_2+t2_2)}. 

The output times t0_1\ t1_1\ t2_1\ t7_1\ t0_2\ t1_2\ t2_2\ 
and t7_2' of the voltage vectors V0_1, V1_1, V2_1, V7_1. V0_2, V1_2, 
V2_2, and V7_2 for two cycles adjusted at any one of steps ST33, 
ST35, and ST36 are then output to the firing-pulse generating unit 23 
(step ST37). The voltage vectors V0_1 , V1_1 , V2_1 , V7_1 , V0_2, 
V1_2, V2_2, and V7_2 selected by the voltage-vector control unit 21 for 
5 two cycles are used as they are for output to the firing-pulse generating 



unit 23. 

As described above, according to the third embodiment, two 
PWM control cycles are taken as a unit for adjusting the voltage vectors. 
With the output times of the zero-voltage vectors located at both ends 
5 of each cycle being made zero, the remaining output time of the 
zero-voltage vectors can be doubled. Consequently, for one PWM 
control cycle, the total of the output times of the non-zero-voltage 
vectors does not have to be changed until the total of the outputtimes 
of the zero-voltage vectors becomes less than 1/2 of the minimum 
10 zero-voltage-vector output time Tz, thereby reducing error. According 
to this method, the zero-voltage-vector output time is ensured to be 
equal to or larger than the minimum zero-voltage-vector output time, or 
zero. Therefore, a surge voltage exceeding twice the direct-current 
bus voltage Vdc can be suppressed. 
! 5 Also, the adjustment of the voltage-vector output times is 

performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 
adjustment, an effect of suppressing a surge voltage can be obtained 
20 over all phases. Furthermore, with the contrivance in the adjustment 
of the voltage vectors, fluctuations in the locus of the magnetic flux 
vector associated with suppression of a surge voltage can be 
minimized. 

Also, in the third embodiment, for easy understanding, the 
25 voltage-vector output times are adjusted for two PWM control cycles. 
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However, the cycles for adjustment are not particularly restricted to two 
cycles. It goes without saying that the cycles may be arbitrarily set in 
a range of equal to or more than two cycles. 
Fourth Embodiment 

Fig. 18 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
apparatus according to a fourth embodiment of the present invention. 
In the power-converter control apparatus according to the fourth 
embodiment, in the structure shown in the third embodiment (Fig. 16), 
some functions are added to the voltage-vector adjusting unit 22. That 
is, the voltage-vector adjusting unit 22 according to the fourth 
embodiment adjusts the output times of the voltage vectors output from 
the voltage-vector control unit 21 according to a procedure shown in 
Fig. 18, where, in a predetermined case, an adjusting operation is 
performed, such as collecting the output times of the same voltage 
vectors in the two cycles as one. With reference to Fig. 18, the 
operation of the voltage-vector adjusting unit 22 according to the fourth 
embodiment is described below. In Fig. 18, procedures identical to 
those shown in Fig. 17 are provided with the same reference numerals. 
Here, description is made mainly to portions specific to the fourth 
embodiment. 

In Fig. 18, in the decision process at step ST34, when a total of 
output times of the zero-voltage vectors over two cycles 
( t 0_1+t7_1+t0_2+t7_2) is longer than the minimum zero-voltage-vector 
5 output time Tz (step ST34: Yes), output times of the same voltage 
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vectors in the two cycles are collected as one at step ST41 . That is, 
the adjustment is made such that t1_V-t1_H-t1_2. t2_V=t2_1 + t2_2, 
and t0_r=t7_r=(t0_1 + t7_1 + t0_2 + t7_2)/2. Also, the output time of 
each voltage vector in the second cycle is made zero. That is, the 
5 adjustment is made such that t1_2'=t2_2'=t0_2'=t7_2'=0. 

On the other hand, when a total of output times of the 
zero-voltage vectors over two cycles (t0_1 + t7_1 + t0_2 + t7_2) is shorter 
than the minimum zero-voltage-vector output time Tz (step ST34: No), 
output times of the same voltage vectors in the two cycles are collected 
10 as one at step ST42. Also, the output times of the voltage vectors are 
adjusted so that each of the output times t0_1' and t7_V of the 
zero-voltage vectors after collection is half the minimum 
zero-voltage-vector output time Tz (tO_V=t7_r=Tz/2). 

At this time, according to equation 3, the relative ratio of the 
15 output times of the voltage vectors V1_1, V2_1. V1_2, and V2_2 is 
unchanged. That is, adjustment is made such that 
t1 _1 ' =(2T-Tz){(t1 _1 +11 _2)/(t1 _1 +t2_1 + t1 _2+t2_2)}, 
t2 _V=(2T-Tz){(t2_1 + t2_2)/(t1_1 + t2_1 + t1_2 + t2_2)}. Also, the output 
time of each voltage vector in the second cycle is made zero. That is, 
20 adjustment is made such that ti_2"-t2_2'-t0_2'-t7_2'-0. 

Then, the output times t0_1\ t1_1\ t2__1\ t7_1\ t0_2\ t1_2', 
t2_2\ and t7_2' of voltage vectors V0_1 ,V1_1 ,V2_1 ,V7_1 , 
V0_2,V1_2,V2_2,and V7_2 for two cycles adjusted at any one of steps 
ST33, ST41 , and ST42 are output to the firing-pulse generating unit 23 
25 (ste P ST37). Also, the voltage vectors V0_1.V1_1,V2_1,V7_1,V0_2, 




V1_2, V2__2, and V7_2 selected by the voltage-vector control unit 21 for 
two cycles are used as they are for output to the firing-pulse generating 
unit 23. 

As described above, according to the fourth embodiment, when 

5 the voltage vectors are adjusted by taking two PWM control cycles as a 
unit, output times of same voltage vectors in the two control cycles are 
collected as one, thereby doubling the output times of the voltage 
vectors including the zero-voltage vectors. Consequently, for one 
PWM control cycle, the total of the output times of the voltage vectors 

10 other than the zero-voltage vectors does not have to be changed until 
the total of the output times of the zero-voltage vectors becomes less 
than 1/2 of the minimum zero-voltage-vector output time Tz, thereby 
reducing error. According to this method, the zero-voltage-vector 
output time is always ensured, and therefore a surge voltage exceeding 

15 twice the direct-current bus voltage Vdc can be suppressed. 

Also, the adjustment of the voltage-vector output times is 
performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 

20 adjustment, an effect of suppressing a surge voltage can be obtained 
over all phases. Furthermore, with the contrivance in the adjustment 
of the voltage vectors, fluctuations in the locus of the magnetic flux 
vector associated with suppression of a surge voltage can also be 
minimized. 

25 Also, in the fourth embodiment, for easy understanding, the 
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voltage-vector output times are adjusted for two PWM control cycles. 
However, as with the third embodiment, the cycles for adjustment are 
not particularly restricted to two cycles. It goes without saying that the 
cycles may be arbitrarily set in a range of equal to or more than two 

5 cycles. 

Fifth Embodiment 

Fig. 19 is a block diagram showing a power-converter control 
apparatus according to a fifth embodiment of the present invention. In 
Fig. 19, procedures identical to those shown in Fig. 4 are provided with 
10 the same reference numerals. Here, description is made mainly to 
portions specific to the fifth embodiment. 

As shown in Fig. 19, according to the fifth embodiment, in the 
structure shown in Fig. 4, a voltage-vector adjusting unit 31 is provided 
in place of the voltage-vector adjusting unit 12, and a delay unit 32 is 
15 added. 

The delay unit 32 gives the voltage vectors adjusted and output 
by the voltage-vector adjusting unit 31 and their output times to the 
voltage-vector adjusting unit 31 with a delay of one cycle. In an 

example shown in the drawing, the delay unit 32, the delay unit 32 
20 gives voltage vectors V0_p, V1 jp. V2_p, and V7_p with a delay of one 
cycle and output times tO_p, tljp. t2_p, and t7_p with a delay of one 
cycle to the voltage-vector adjusting unit 31. 

As described in the first embodiment, the voltage-vector 
adjusting unit 31 adjusts and outputs the output times of the voltage 
25 vectors output from the voltage-vector control unit 11 so that the 
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zero-voltage-vector output time is equal to or larger than a 
predetermined value. At this time, the adjusted times in one previous 
PWM control cycle obtained through the delay unit 32 are also used for 
adjustment. 

5 Next, with reference to Fig. 20, the operation of the 

voltage-vector adjusting unit 31 included in the controlling device of the 
power converter according to the fifth embodiment of the present 
invention is described. Fig. 20 is a flowchart for explaining the 
operation of the voltage-vector adjusting unit 31 shown in FIG. 19. In 
10 Fig. 20, procedures identical or equivalent to the procedures shown in 
Fig. 9 are provided with the same reference numerals. 

In Fig. 20, the voltage-vector adjusting unit 31 reads output 
times t1, t2, tO, and t7 of voltage vectors input from the voltage-vector 
control unit 11, voltage vectors V1jp. V2_p. V0_p, and V7_p, which are 
15 adjusted outputs in one previous PWM control cycle that are input from 
the delay unit 32, and their output times t1_p, t2_p, t0_p, and t7_p 
(step ST51). Since the output time of the zero-voltage vectors may be 
zero, it is determined whether the vector last outputted in the previous 
time (in one previous PWM control cycle) is a zero-voltage vector (step 
20 ST52). 

As a result, when the vector last output in the previous time is a 
zero-voltage vector (step ST52: Yes), the procedure branches to a 
sequence in which the process is started with the zero-voltage vector, 
and it is determined whether a total of output times of the zero-voltage 
25 vectors t0+t7 is longer than the minimum zero-voltage-vector output 
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time Tz (step ST11). 

When the total of output times of the zero-voltage vectors t0+t7 
is longer than the minimum zero-voltage-vector output time Tz (step 
ST11: Yes), the output times t1. t2, 10. and t7 at the present time are 
5 directly taken as adjusted output times t1\ t2\ tO", and 17' (step ST12). 

On the other hand, at step ST11, when the total of output times 
of the zero-voltage vectors t0+t7 is shorter than the minimum 
zero-voltage-vector output time Tz (step ST11: Yes), it is determined 
whether the total zero-voltage-vector output time t0+t7 is longer than 
10 1/2 of the minimum zero-voltage-vector output time Tz (step ST53). As 
a result, when the total zero-voltage-vector output time t0 + t7 is longer 
than 1/2 of the minimum zero-voltage-vector output time Tz (step ST53: 
Yes), the output time t(V of the zero-voltage vector V0 to be first output 
in the cycle is adjusted to the total zero-voltage-vector output time 
15 t0+t7 (tO-tO+t7). and the output time of the zero-voltage vector V7 to 
be last output in the cycle is made zero (t7-0). Also, the output times 
t1 and 12 of the non-zero-voltage vectors are directly taken as adjusted 

times tV and t2' (step ST54). 

Also, in step ST53, when the total zero-voltage-vector output 
20 time t0+t7 is shorter than 1/2 of the minimum zero-voltage-vector 
output time Tz (step ST53: No), at step ST55, the output time of the 
zero-voltage vector V0 to be first output in the cycle is adjusted to 1/2 
of the minimum zero-vo.tage-vector output time Tz, and the output time 
of the zero-voltage vector V7 to be last output in the cycle is made zero 
25 (t7 . =0) Furthermore, the output times t1 and t2 of the 
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non-zero-voltage vectors V1 and V2 are adjusted according to equation 
3 so that the relative ratio of the output times of the voltage vectors V1 
and V2 is unchanged. That is, adjustment is made such that 
tV-(T-Tz/2){t1/(t1+t2)> and t2'=(T-Tz/2){t2/(t1+t2)}. 
5 Furthermore, when the vector last output at the previous time is 

not a zero vector (step 52: No), the procedure branches to a sequence 
in which the procedure starts with a non-zero-voltage vector. At step 
ST56, when the total zero-voltage-vector output time t0 + t7 is longer 
than 1/2 of the minimum zero-voltage-vector output time Tz (step ST56: 
10 Yes), the output time of the zero-voltage vector VO to be first output in 
the cycle is made zero (tO-0). ; and the output time of the zero-voltage 
vector V7 to be last output in the cycle is adjusted to the total 
zero-voltage-vector output time t0 + t7 (t7-t0 + t7). Furthermore, as for 
the output times of the non-zero-voltage vectors V1 and V2, the output 
15 times t1 and t2 at this time are directly taken as adjusted output times 

tr and t2' (step ST57). 

Then, at step ST56, when the total zero-voltage-vector output 
time t0+t7 is shorter than 1/2 of the minimum zero-voltage-vector 
output time Tz (step ST56: No), at step ST58, the output time of the 
20 zero-voltage vector VO to be first output in the cycle is made zero 
(tO-0), and the output time of the zero-voltage vector V7 to be last 
output in the cycle is adjusted to 1/2 of the minimum 
zero-voltage-vector output time Tz (U-Tz/2). At this time, the output 
times of the non-zero-voltage vectors V1 and V2 are adjusted 
25 according to equation 3 so that the relative ratio of the output times of 
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the voltage vectors V1 and V2 is unchanged. That is, adjustment is 
made such that tr=(T-Tz/2){t1/(t1+t2)} and t2-(T-Tz/2){t2/(t1 + t2)>. 

Then, the output times t0\ t1\ t2', and t7' of the voltage vectors 
VO, V1 , V2, and V7 adjusted at any one of steps ST12, ST54, ST55, 
ST57, and ST58 are output to the firing-pulse generating unit 13 (step 
ST14). The voltage vectors V0.V1.V2, and V7 selected by the 
voltage-vector control unit 11 are used as they are for output to the 
firing-pulse generating unit 13. 

As described above, according to the fifth embodiment, the 
zero-voltage vectors located at the first and last of the pulse-width 
control cycle are combined as one, thereby doubling the output times of 
the zero-voltage vectors. Consequently, the total of the output times of 
the non-zero-voltage vectors does not have to be changed until the 
total of the output times of the zero-voltage vectors becomes less than 
the minimum zero-voltage-vector output time Tz, thereby reducing error. 
According to this method, the zero-voltage-vector output time is 
ensured to be equal to or larger than the minimum zero-voltage-vector 
output time, or is made zero. Therefore, a surge voltage exceeding 
twice the direct-current bus voltage Vdc can be suppressed. 

Also, the adjustment of the voltage-vector output times is 
performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 
adjustment, an effect of suppressing a surge voltage can be obtained 
over all phases. Furthermore, with the contrivance in the adjustment 
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of the voltage vectors, fluctuations in the locus of the magnetic flux 

vector associated with suppression of a surge voltage can also be 

minimized. 

Sixth Embodiment 

Fig. 21 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
apparatus according to a sixth embodiment of the present invention. 
In the power-converter control apparatus according to the sixth 
embodiment, in the structure shown in the fifth embodiment (Fig. 19), 
some functions are added to the voltage-vector adjusting unit 31 . That 
is, the voltage-vector adjusting unit 31 according to the sixth 
embodiment performs an adjusting operation by using an output time of 
a zero-voltage vector last output in the previous PWM control cycle to 
determine an output time of a zero-voltage vector to be first output in 
the present PWM control cycle. With reference to Fig. 20, the 
operation of the voltage-vector adjusting unit 31 according to the sixth 
embodiment is described below. In Fig. 21 , procedures identical to 
those shown in Fig. 20 are provided with the same reference numerals 
Here, description is made mainly to portions specific to the sixth 
embodiment. 

In Fig. 21, upon reading output times t1, t2, tO, and 17 of voltag 
vectors input from the voltage-vector control unit 11, voltage vectors 
V1_p, V2_p, V0_p, and V7_p, which are adjusted outputs in one 
previous PWM control cycle that are input from the delay unit 32, and 
5 their output times t1_p, t2_p. t0_ P , and t7_p (step ST51), the 
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voltage-vector adjusting unit 31 determines whether a total of an output 
time tO_p of a zero-voltage vector last output at the previous time (at 
one previous PWM control cycle) and an output time to of a 
zero-voltage vector to be first output at this time is longer than the 
minimum zero-voltage-vector output time Tz (step ST61). 

As a result, when the total zero-voltage-vector output time 
tO_ P+ tO is longer than the minimum zero-voltage-vector output time Tz 
(step ST61: Yes), the output times t1, t2, tO. and 17 at this time are 
directly taken as adjusted output times t1\ t2\ K>\ and 17' (step ST12). 
On the other hand, when the total zero-voltage-vector output time 
tO_p+tO is shorter than the minimum zero-voltage-vector output time Tz 
(step ST61: No), it is further determined whether a total 
zero-voltage-vector output time tO_ P+ tO + t7 is longer than the minimum 
zero-voltage-vector output time Tz (step ST62). 

Then, when the total zero-voltage-vector output time t0_p+t0+t7 
is longer than the minimum zero-voltage-vector output time Tz (step 
ST62: Yes), the output time W of the zero-voltage vector VO to be first 
output in the cycle is adjusted so that the total zero-voltage-vector 
output time tO_ P+ tO is equal to the minimum zero-voltage-vector output 
time Tz (tO'=Tz-tO_p), and the output time 17' of the zero-voltage vector 
V7 to be last output in the cycle is adjusted to the remaining time 
tO+17-tO' (t7'-t0+t7-t0'). Also, the output times t1 and t2 of the 
non-zero-voltage vectors are directly taken as adjusted output times tV 

and t2" (step ST63). 
5 On the other hand, when the total zero-voltage-vector output 
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time t0_p+t0+t7 is shorter than the minimum zero-voltage-vector output 
time Tz (step ST62: No), the output time tO' of the zero-voltage vector 
VO to be first output in the cycle is adjusted so that the total 
zero-voltage-vector output time tO_p+tO is equal to the minimum 
zero-voltage-vector output time Tz (tO'=Tz-tO_p), and the output time 17" 
of the zero-voltage vector V7 to be last output in the cycle is made zero 
(tr-0). Also, the output times t1 and t2 of the non-zero-voltage 
vectors are adjusted according to equation 3 so that the relative ratio of 
the output times of the voltage vectors V1 and V2 is unchanged. That 
3 is , adjustment is made such that tr=(T-Tz + tO_p){t1/(t1 + t2)> and 
t2 , =(T-Tz+tO_p){t2/(t1+t2)} (step ST64). 

Then, the output times t0\ t1\ t2\ and 17' of the voltage vectors 
VO, V1, V2, and V7 adjusted at any one of steps ST12, ST63, and ST64 
are output to the firing-pulse generating unit 13 (step ST14). The 
5 voltage vectors VO, V1 , V2. and V7 selected by the voltage-vector 
control unit 11 are used as they are for output to the firing-pulse 

generating unit 13. 

As described above, according to the sixth embodiment, with 
the use of the output time of the zero-voltage vector last output in the 
20 previous PWM control cycle, an output time of a zero-voltage vector to 
be output in the present PWM control cycle is determined. Therefore, 
the output time of the zero-voltage vector can be ensured even when 
the zero-voltage vector extends over the PWM control cycles. 
Therefore, a surge voltage exceeding twice the direct-current bus 
25 voltage Vdc can be suppressed. 
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Also, the adjustment of the voltage-vector output times is 
performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 
5 adjustment, an effect of suppressing a surge voltage can be obtained 
over all phases. Furthermore, with the contrivance in the adjustment 
of the voltage vectors, fluctuations in the locus of the magnetic flux 
vector associated with suppression of a surge voltage can also be 
minimized. 
10 Seventh Embodiment 

Fig. 22 is a block diagram depicting the structure of a 
power-converter contro. apparatus according to a seventh embodiment 
of the present invention. In Fig. 22, procedures identical to those 
shown in Fig. 4 are provided with the same reference numerals. Here, 
15 description is made mainly to portions specific to the seventh 
embodiment. 

As shown in Fig. 22, according to the seventh embodiment, in 
the structure shown in Fig. 4. a voltage-vector adjusting unit 41 is 
provided in place of the voltage-vector adjusting unit 12, and a delay 

20 unit 42 is added. 

As described in the first embodiment, the voltage-vector 
adjusting unit 41 adjusts and outputs the output times of the voltage 
vectors output from the voltage-vector control unit 1 1 so that the 
zero-voltage-vector output time is equal to or larger than a 
25 predetermined value In the seventh embodiment, the voltage-vec.or 
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adjusting unit 41 has a function of outputting an error Err associated 
with adjustment, and uses an error Err_p input through the delay unit 
42 in one previous PWM control cycle for adjustment of the voltage 
vectors in one subsequent cycle. 

Next, with reference to Figs. 22 through 24, the operation of the 
voltage-vector adjusting unit 41 in the power-converter control 
apparatus according to the seventh embodiment is described. Fig. 23 
is a flowchart for explaining the operation of the voltage-vector 
adjusting unit 41 shown in Fig. 22. Fig. 24 is a drawing for explaining 
an error-calculating operation to be performed by the voltage-vector 

adjusting unit shown in Fig. 22. 

First, in Fig. 23, the voltage-vector adjusting unit 41 reads the 
output times t1 , 12, tO. and t7 of the voltage vectors output from the 
voltage-vector control unit 11 together with the error Err_p calculated at 
previous time (in one previous PWM control cycle) (step ST71), and 
corrects the output times t1, t2, tO, and 17 of the voltage vectors so that 
the previous error Err_p is corrected (step ST72). 

That is. in step ST72, the output time t1 is corrected to 
t1(1+Err_p). The output time t2 is corrected to t2(1+Err_p). Then, 
with the use of the new output times t1 and t2, the output times tO and 
17 are corrected to (T-t1 -t2)/2. Next, with the procedure described in 
the second embodiment (Fig. 15), the minimum zero-voltage-vector 
output time Tz is ensured, or the zero-voltage-vector output time is 

deleted (steps ST11 to ST21). 

Next, an error Err is calculated between the obtained output 
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times tr and t2" of the voltage vectors V1 and V2 after adjustment and 
the output times t1 and t2 of the voltage vectors V1 and V2 corrected at 
step ST72. That is, Err=(t1 + t2-t1'-t2')/(t1 + t2) is calculated (step ST73). 
Then, the obtained output times t1\ t2\ t0\ and t7' of the voltage 
5 vectors V1, V2, VO, and V7 after adjustment and the error Err are 

output (step ST74). Similarly, the voltage vectors VO, V1, V2. and V7 
selected by the voltage-vector control unit 11 are used for output to the 

firing-pulse generating unit 13. 

Next, with reference to Fig. 24, a method of calculating the error 
10 Err is described. In Fig. 24 (1), loci A and B of magnetic flux vectors 

for two PWM control cycles before voltage vector adjustment are shown. 
The locus A is in the previous cycle, while the locus B is the current 
cycle. In Fig. 24 (2), loci A and B' of magnetic flux vectors after 
voltage vector adjustment are shown. As a result of ensuring the 
15 minimum zero-voltage-vector output time with the locus A of the 

magnetic flux vectors at the previous time, it becomes the locus A with 
its length being shortened. Fig. 24 (3) is drawn by overlaying (1) and 

(2) of Fig. 24 each other. 

Here, consider the case where the end point of the locus of the 
20 magnetic flux vectors before adjustment is made to agree with that after 
adjustment by drawing a locus as shown in the locus B" in the present 
PWM control cycle. As has been described in the first embodiment 
(Fig. 10), when the voltage vectors are adjusted according to equation 
3 so that the relative ratio of the output times of the voltage vectors 
25 other than the zero-voltage vectors is unchanged, a triangle of the 
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locus A is similar to a triangle of the locus A'. Similarly, a triangle of 
the locus B is similar to a triangle of the locus B". 

When an angle A9a and an angle AGb are sufficiently small, the 
arc can be regarded as a straight line. Therefore, the loci A and B can 
5 be considered as being different from the loci A and B' only in dividing 
ratio of dividing the straight line, that is, the arc, into two. The dividing 
ratio between the locus A and the locus B before adjustment is 1:1. 
When the shortened portion of the locus A is added to the locus B' to 
equalize the total values, only the ratio between the locus A and the 
10 locus A is required to be known. Therefore, an error Err obtained from 
any one of the following equations (7) to (9) are used. 

Err=(t1-t1')/t1 (7) 

(8) 

Err=(t2-t2')/t2 

Err={t1+t2-(tr+t2')}/(t1+t2) < 9) 
15 By introducing this error Err, with the use of the previous error 

Err_p, the output times 11 and 12 of the voltage vectors is multiplied by 
(1 + Err_p), thereby making the end point of the magnetic flux vectors at 
this time agreed with a desired point. 

As such, according to the seventh embodiment, when a 
20 zero-vo.tage-vector output time equal to or larger than a predetermined 
value is provided or when the zero-voltage-vector output time is 
adjusted to zero, the adjustment error can be corrected. Therefore, a 
surge voltage exceeding twice the direct-current bus voltage Vdc can 
be re.iably suppressed. Also, fluctuations in the locus of the magnetic 
25 flux vector associated with suppression of a surge voltage can be 
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minimized. Furthermore, the adjustment of the voltage-vector output 
times is performed on the output times of the voltage vectors, which are 
parameters that are generated based on three-phase voltage 
instructions and are common to three phases. Therefore, with one 
5 adjustment, an effect of suppressing a surge voltage can be obtained 
over all phases. 
Eighth Embodiment 

Fig. 25 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
10 apparatus according to an eighth embodiment of the present invention. 
In Fig. 25, procedures identical or equivalent to those shown in Fig. 9 
(the first embodiment) are provided with the same reference numerals. 
Here, description is made mainly to portions specific to the eighth 
embodiment. 

15 The eighth embodiment describes an exemplary measure (steps 

ST81 to ST84) to details (inconveniences) taken as an exception and 
not considered in the power-converter control apparatus shown in the 
first embodiment (Fig. 4) when the output times of the zero-voltage 
vectors are adjusted to zero as described in the second embodiment 

20 (Fig. 15). 

That is, taking note of Fig. 12(1), eliminating the zero-voltage 
vector V7 does not pose the line-to-line voltages Vvw and Vwu. 
However, as for the line-to-line voltage Vuv, two pulses of the voltage 
vector V1 are present over the voltage vector V2. This corresponds to 
25 the case of (1-2) of Fig. 14, with the voltage vector V2 being replaced 




by the zero-voltage vector. That is, when the output time of the 
zero-voltage vector is adjusted to zero, depending on the 
non-zero-voltage-vector output time, a surge voltage may occur. In 
such a case, in the eight embodiment, the concept of ensuring the r 
5 minimum zero-voltage-vector output time is applied. Hereinafter, 
description is made according to Fig. 25. 

In Fig. 25, when the zero-voltage-vector output time is adjusted 
to zero (step ST21), it is determined whether the adjusted output time 
t1' of the voltage vector V1 is shorter than 1/2 of the minimum 

10 zero-voltage-vector output time Tz (step ST81). As a result, when the 
adjusted output time t1' of the voltage vector V1 is shorter than 1/2 of 
the minimum zero-voltage-vector output time Tz (step ST81: Yes), the 
output time t1' is readjusted to be t1'=Tz/2. Also, the adjusted output 
time t2' of the voltage vector V2 is readjusted to be t2'=T-Tz/2 (step 

15 ST82). 

On the other hand, when the adjusted output time t1' of the 
voltage vector V1 is longer than 1/2 of the minimum zero-voltage-vector 
output time Tz (step ST81: No), it is determined whether the adjusted 
output time t2' of the voltage vector V2 is shorter than 1/2 of the 

20 minimum zero-voltage-vector output time Tz (step ST83). 

As a result, when the adjusted output time t2' of the voltage 
vector V2 is shorter than 1/2 of the minimum zero-voltage-vector output 
time Tz (step 83: Yes), the adjusted output time t2' is readjusted to 
t2*=Tz/2. At this time, the adjusted output time tr of the voltage vector 

25 V1 is readjusted to t1'=T-Tz/2 (step ST84). 
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Then, when the adjusted output time t2' of the voltage vector V2 
is longer than 1/2 of the minimum zero-voltage-vector output time Tz 
(step 83: No), the output times t1\ t2\ t0\ and t7' adjusted at step ST11 
to ST21 are not readjusted (step ST85). 
5 In the description made above, when the output time of the 

voltage vectors other than the zero-voltage vectors is shorter than 1/2 
of the minimum zero-voltage-vector output time Tz, the time is rounded 
up to Tz/2. However, as has been described in the second 
embodiment, rounding-off or rounding down may be performed. 
10 As described above, according to the eighth embodiment, it is 

possible to restrict a surge voltage that may occur regarding the output 
times of the voltage vectors other than the zero-voltage vectors when 
the output time of the zero-voltage vectors are adjusted to be zero. 
With this, a surge voltage exceeding twice the direct-current bus 
15 voltage Vdc can be reliably suppressed. Also, an effect of such 

suppression of a surge voltage can be obtained over all phase only by 
adjusting the voltage-vector output times, which are parameters that 
are common to three phases. Furthermore, with the contrivance in the 
adjustment of the voltage vectors, fluctuations in the locus of the 
20 magnetic flux vector associated with suppression of a surge voltage 
can be minimized. 
Ninth Embodiment 

Fig. 26 is a flowchart for explaining the operation of a 
voltage-vector adjusting unit included in a power-converter control 
25 apparatus according to a ninth embodiment of the present invention. 




In Fig. 25, procedures identical or equivalent to those shown in Fig. 20 
(the fifth embodiment) are provided with the same reference numerals. 
Here, description is made mainly to portions specific to the ninth 
embodiment. 

5 The ninth embodiment describes an exemplary measure (steps 

ST90 to ST93) to details (inconveniences) taken as an exception and 
not considered in the power-converter control apparatus shown in the 
fifth embodiment (Fig. 19) when the output times of the zero-voltage 
vectors are adjusted to zero as described in Fig. 20. 

10 That is, when the pattern of the occurrence of a surge voltage is 

(2-1) or (2-2) of Fig. 14, the surge voltage of the motor-end line-to-line 
voltage cannot be suppressed even with elimination of the zero-voltage 
vector. Therefore, taking note to (3) and (4) of Fig. 12, in (4) of Fig. 12, 
phenomena in (2-1) and (2-2) of Fig. 14 occurs. It is evident, however, 

15 that such a phenomenon does not occur in (3) of Fig. 12. The 

progression of the voltage vectors when the phase 0 makes a transition 
from a range of 0<9<n/3 to a range of k/3<9<2k/3 is shown below 
again. 

(3) V0-»V1->V2->V7->V2->V3->V0 
20 (4) V7-W2-+V1 -*V0->V3->V2->V7 

Here, the progression becomes as follows when the zero-voltage 
vectors are eliminated. 

(3) ' V0—V1— V2->(V7)— V2— V3-W0 

( 4) » V7-A/2^V1-»(V0)-A/3-*V2->V7 

25 From comparison with (3)' and (4)', it is evident that the phenomena in 




(2-1) and (2-2) of Fig. 14 are eliminated when the voltage vectors 
before and after elimination of the zero-voltage vectors are made 
identical to each other, thereby suppressing a surge voltage. 

In Fig. 26, at step 90 in place of the first step ST51 shown in Fig. 
5 20, the voltage vectors V1, V2, V0, and V7 input from the 

voltage-vector control unit 11, the output times t1, t2, tO, and t7, the 
voltage vectors V1_p, V2_p, V0_p, and V7_p, which are adjusted 
outputs input from the delay unit 32 at one previous PWM control cycle, 
and their output times t1_p, t2_p, t0_p, and t7_p are read. Then, when 

10 the output times of the zero-voltage vectors are adjusted to zero at step 
ST57 or ST 58, it is determined whether the voltage vector last output 
at the previous time is identical to the voltage vector to be first output 
at this time (step ST91). 

As a result, when the voltage vector last output at the previous 

15 time is identical to the voltage vector to be first output at the present 
time (step ST91: Yes), this is the case of (3)' described above, and 
therefore no process is performed and then the procedure goes to step 
ST93. On the other hand, when the voltage vector last output at the 
previous time is different from the voltage vector to be first output at 

20 this time (step ST91: No), this is the case of (4)'. Therefore, the 

voltage vector to be first output at the present time is changed to the 
vector last output at the previous time (step ST92), and the procedure 
goes to step ST93. At step ST93, the adjusted output times t1\ t2', tO', 
and t7' of the voltage vectors and the voltage vectors V1', V2', V0', and 

25 V7' are output. When the procedure goes to step 93 from any one of 




steps ST12, ST54, and ST 55, the voltage vectors VO, V1, V2, and V7 
selected by the voltage vector controlling unit 11 are directly output as 
the voltage vectors VO', V1\ V2\ and V7' to the firing-pulse generating 
unit 13. 

5 As such, according to the ninth embodiment, the cases of (2-1) 

and (2-2) of Fig. 14 occurring when the output times of the zero-voltage 
vectors are adjusted to zero can be avoided. Therefore, a surge 
voltage exceeding twice the direct-current bus voltage Vdc can be 
reliably suppressed. Also, an effect of such suppression of a surge 
10 voltage can be obtained over all phase only by adjusting the 

voltage-vector output times, which are parameters that are common to 
three phases. 

Here, in the first to ninth embodiments, separate methods for 
suppressing the occurrence of a surge voltage exceeding twice the 

15 direct-current bus voltage Vdc have been described. However, two or 
more of the first to ninth embodiments can be used in combination. 
The structure in that case is not described herein. Even in 
combination, a surge voltage exceeding twice the direct-current bus 
voltage Vdc can be suppressed by at least ensuring the output time of 

20 the zero-voltage vectors equal to or larger than a predetermined value 
or by making the output time zero. Also, the adjustment of the 
voltage-vector output times is performed on the output times of the 
voltage vectors, which are parameters that are generated based on 
three-phase voltage instructions and are common to three phases. 

25 Therefore, with one adjustment, an effect of suppressing a surge 




voltage can be obtained over all phases. Also, with the contrivance in 
the adjustment of the voltage vectors, fluctuations in the locus of the 
magnetic flux vector associated with suppression of a surge voltage 
can be minimized. 
5 Also, in the description of the first to ninth embodiments, to 

minimize fluctuations in the locus of the magnetic flux vector associated 
with suppression, adjustment is performed so that the relative ratio of 
the output times of the voltage vectors other than the zero-voltage 
vectors is unchanged. However, if suppressing a surge voltage is the 

10 only purpose, the relative ratio may be changed. This is evident from 
the description of the first embodiment regarding suppression of a 
surge voltage. 

Also in this case, a surge voltage exceeding twice the 
direct-current bus voltage Vdc can be suppressed by at least ensuring 

15 the output time of the zero-voltage vectors equal to or larger than a 
predetermined value or by making the output time zero. Also, the 
adjustment of the voltage-vector output times is performed on the 
output times of the voltage vectors, which are parameters that are 
generated based on three-phase voltage instructions and are common 

20 to three phases. Therefore, with one adjustment, an effect of 
suppressing a surge voltage can be obtained over all phases. 



INDUSTRIAL APPLICABILITY 

The present invention is suitable as a power-converter control 
25 apparatus when a connection cable between the power converter and a 



load is long. 



